Abstract -Let { X , } -PO, 0 E -1 C I R k . Rissanen has shown that there exist universal noiseless codes for {A-,} with per-letter rate redundancy as low as , where n is the blocklength and IC is the number of source parameters. We derive an analogous result for universal quantization: for any given Lagrange multiplier X > o, there exist universal fixedrate and variable-rate quantizers with per-letter Lagrangian redundancy (i.e., distortion redundancy plus X times the rate redundancy) as low as A$?.
Let {X,} be a stationary ergodic random process over alphabet X with process measure p~, 6' E A C Rk, and let C" = p" o Q" be a length-n quantizer with encoder a" : X" -S and decoder p" : S -y". where S = {SI.. . . , s~} & {0,1}* is some binary prefix code and y is the reproduction alphabet.
Let d ( x " , y") = c, d ( z , , y z ) be a single-letter fidelity criterion and let Is1 denote the length of the binary string s. The nth order operational distortion-rate function for {X,} is defined where the infimum is over either fixed-rate or variable-rate quantizers with blocklength n , as appropriate. The support functional of B,e" ( R ) is defined where X > 0 is a Lagrange multiplier.
We show that there exists a universal sequence of fixedrate or variable-rate quantizers {Cn} such that the per-letter
for every 8 E A ELk. To be precise, assume that for every 0, A, and n, Lg(X) is achieved by some C", say C?,,. Then define
to be the divergence between the Lagrangian performance of the quantizer matched to 6 and the quantizer matched to 0, with respect to 8. We have the following: unknown mean and variance in a bounded set, there exists a strongly minimax universal sequence of fixed-rate quantizers for which the nth order Lagrangian redundancy is at most X(k/Z)(log n + c ) / n , where k = 2.
